ABSTRACT Self-selection assumes that at high ambient temperature, birds are able to select a diet from different sources to minimize the heat load associated with the ingested nutrient metabolism. The objective was to test the hypothesis that young chickens are able to compose an adequate ration by adjusting dietary nutrient intake from 3 different diets that vary in energy and in protein contents from a cafeteria system at high temperature (HT; 31-32°C) and at normal temperature (NT; 31-21°C). Night temperature was set at 25°C at HT and at 18°C at NT and 12 h dark:12 h light. Control birds were fed a standard control diet (CP: 215 g/ kg; ME: 2,895 kcal/kg) for broiler chickens. The choicefed birds could choose between the control diet, a highprotein diet (CP: 299 g/kg; ME: 2,780 kcal/kg), and a high-energy diet (CP: 150.7 g/kg; ME: 3,241 kcal/kg). The diets had similar pellet size and color. Birds had access to each diet in a separate feeding trough from 1 to 42 d of age. Results showed that broilers spent 3.3% more time eating at NT than at HT and showed 42% more panting behavior at HT than at NT. High temperature decreased feed intake, protein intake, energy intake, and BW gain. Choice-fed birds had similar feed intake and BW gain, 14% lower protein intake, and 6.4% higher energy intake than control-fed birds. Body temperature and heterophil/lymphocyte ratio were higher at HT than at NT. Water intake was 8% higher in control-fed birds than in choice-fed birds but similar at both temperature regimens. It can be concluded that broilers can compose a diet by selecting less protein but higher energy density from different diets compared with the control. Choice-fed birds had similar feed efficiency as control-fed birds at HT, indicating similar body composition for both groups. Extra energy intake of choice-fed birds at HT was used for panting activity.
INTRODUCTION
There is evidence that both wild and domesticated fowl can reach their desired nutrient intake by selecting from a range of feedstuffs. They can compose a diet that matches their physiological requirements (Hughes, 1984; Yo et al., 1998) . When given the opportunity to select from a set of different dietary ingredients they may do so to optimize performance (Gous and Swatson, 2000) . This phenomenon can be used as a basis to design strategies for nutrient self-selection and it also can give insight in the nutrient requirements throughout aging and at different ambient temperature (T) conditions. Moreover, nutrient composition in a complete single diet may not exactly match the composition which would have been chosen by the bird itself. In addition, the selected mixture of diet components may differ at normal (NT) and high T (HT). We assume that with self-selection at HT, birds will select an optimum diet (from different feed sources) to adjust (minimize) heat load associated with the metabolism of the ingested nutrients.
Most diets for chickens nowadays are formulated on the basis of trials that were carried out under constant temperate thermal conditions. These diets may not deliver the amounts of various nutrients that broilers would like to eat at HT conditions. At HT, when feed intake is generally low, birds may choose a different composition compared with NT. The choice feeding may enable them to make such a choice and in this way add to the possibilities for managing heat production (Etches et al., 2008) . At HT, the bird will attempt to adjust its heat production by decreasing feed intake (North and Bell, 1990) or change its intake of especially those nutrients that are most needed and, at the same time, decreasing the intake of those nutrients that yield a lot of heat during processing (and in this way decreasing the heat load). The evidence from the literature that birds are able to select a proper mix of dietary ingredients to decrease heat load at HT is scarce and conflicting. Thus, it is hardly possible to predict the outcome in term of feed intake and BW gain while offering high energy and high protein in a choice feed setting (Forbes and Shariatmadari, 1994) . Based on the theory of certain nutrients inducing a high heat load, several experiments have been conducted with different levels of protein and energy at HT. A surplus of amino acids or imbalanced amino acid supply in a diet gives a high heat increment (Musharaf and Latshaw, 1999) . Thus, a decrease in the dietary CP level has been recommended for broilers under heat stress conditions (Furlan et al., 2004) . Most studies, however, have shown that low-protein diets have a negative effect on broiler performance also when ambient T is high. Decreased feed intake of a diet with a low protein level at HT will induce amino acid deficiency (Buyse et al., 1992; Alleman and Leclercq, 1997; Furlan et al., 2004) .
In an ideal situation, protein is used for net gain (including turnover), thus preferably for protein deposition. By adjusting dietary protein levels and giving ideal protein one can avoid protein breakdown and extra heat production (Furlan et al., 2004) . Also extra fat in a diet as compared with starch means less heat increment at the same intake level of metabolizable energy. This agrees with findings that broilers that are fed energy-dense diets with a good amino acid composition across all T (21-35°C) had a significantly improved feed efficiency and protein utilization (Cheng et al., 1997) . In laying hens, adding fat at the expense of carbohydrates to a diet at 31°C improved feed consumption by 17.2%, whereas at 10 to 18°C it improved feed intake by only 4.5% (Daghir, 2008) . When this dietary fat is used for fat deposition, this results in less heat per unit of energy intake compared with starch or protein, for example. So less heat is dissipated from a diet high in fat compared with the same metabolizable energy from starch and protein (Balnave and Brake, 2005) . Therefore, under high ambient T, both high densities (by dietary fat) and an ideal protein composition in terms of amino acid content are recommended (Bonnet et al., 1997) . It is of interest to know how birds exposed to HT will select from high-energy and high-protein diets and compose an adequate feed intake. This selection may result in an optimal growth compared with single control diets.
The objectives of the present investigations were (1) to test the hypothesis that young chickens are able to compose an adequate ration by adjusting dietary nutrient intake from 3 different diets that vary in energy and protein contents from a cafeteria system, (2) to investigate if they compose ration with similar content of protein and energy under HT and NT conditions, and (3) to study if the selection of a certain ration differs with age of the birds.
MATERIALS AND METHODS

Procedure Ethics
All of the procedures involving birds in this experiment were approved by the Animal Experimental Committee of Wageningen University (Wageningen, the Netherlands).
Birds, Housing, and Care
A total of 144 one-day-old male broiler chickens (Ross 308) were purchased from a commercial hatchery (Morren Breeders B.V., Lunteren, the Netherlands). After arrival, each bird was weighed and wing-tagged for identification. After that, each bird was randomly allotted to 1 of 24 floor pens with 6 birds each. Unique coloring of each bird within a pen was done to allow observation of the individual feed intake and panting behavior.
Twelve identical pens were made in each of 2 identical T-controlled rooms. Each pen had 3 drinking nipples with a cup underneath connected to a water tank of 10-L capacity. To enable the birds an easy and equal access to feed, 3 feed troughs were placed in each pen. Wood shavings were used as litter and were regularly added to each pen to maintain good litter conditions. Pen dimensions were 1.75 m × 1.15 m and 0.80 m (width × length × height). All birds were exposed to a 23-h light (L) and 1-h dark (D) cycle for the first 3 d. Thereafter, a schedule of 12-h L (between 0700 and 1900 h) and 12-h D (1900 to 0700 h) per day was used. This light scheme resembles the natural situation in countries near the equator. Light intensity was maintained at 20 lx during the light periods throughout the experiment.
The T inside the room was initially kept at 32 ± 2°C with relative humidity (RH) of 70 to 80% from d 0 to 7. This was done to allow the birds to develop thermotolerance and to prevent mortality (May and Lott, 2000) . The T and RH cycles were set up for day and night rhythm. After 7 d of age, the T in each room was set according to the experimental design.
Experimental Design and Treatments
This study was conducted as a split plot in a completely randomized design with repeated measures. The main plot was T (NT and HT) and subplots were dietary treatments (control, single diet-fed birds versus choice-fed birds). Each dietary treatment was assigned randomly to 6 replicated pens in each T room with 6 birds each. Thus, the pen was the experimental unit.
One room was maintained at HT and the other room was maintained at NT. The HT regimen was maintained at 32 ± 2°C during the day (from 0700 to 1900 h) and at 25 ± 2°C during the night (from 1900 until 0700 h) with RH 70 to 80% from 8 to 42 d of age. The NT regimen was set at 20°C during the day and at 538 18°C during the night with RH of 40 to 50% from 21 to 42 d of age. From d 8 to 20 onwards, a step-down decrease to a T of 20°C was applied by 0.5°C per day (d 8 to13) and 1°C per day (d 14 to 20). Relative humidity was maintained about constant with no more than 5% variation at the level of the birds. Ventilation rates were similar in both rooms and only artificial light with 20 lx was provided.
The control animals were fed a diet that contained the recommended nutrient levels with regard to CP, essential amino acids, and ME level (NRC, 1994) for broiler chickens for the entire growing period (CP: 215 g/kg; ME: 2,895 kcal/kg). The choice-fed birds could choose from (1) the control diet (2) a high-protein diet (CP: 299 g/kg; ME: 2,780 kcal/kg), or (3) a high-energy diet (CP: 150.7 g/kg; ME: 3,241 kcal/kg). Ratios between all amino acids relative to lysine were similar on total and digestible bases among the diets. The choice-fed animals had free access to each diet in a separate feed trough. This gave the birds the opportunity to eat from the control, high-protein, and high-energy diets and, thus, compose their own diet. To avoid any confounding in place and choice of feed from feeding troughs, the site of each feeding trough in a pen was changed every day according to a predetermined random schedule.
Each diet was supplied as pellets with a similar size (2 mm) and color. Protein sources were soybean meal and heat-treated soybeans. Energy sources were maize, wheat, and vegetable oil. All ingredients were ground by using a hammer mill. Dietary compositions of the diets are presented in Table 1 . Within each of the 2 ambient-T rooms (NT and HT), both dietary treatments were offered. Both rooms were identical as was shown in a previous experiment (Khoa, 2007) .
Traits Measured
Feed intake and panting behavior was recorded by direct observation during a 5-to 7-min walk through each room. Each bird in each of the 12 pens in each room was observed instantaneously for a moment during this period (a scan). So, after 5 to 7 min, the behavior of each bird in the room was scanned at a single moment. This procedure was repeated with 15-min pauses several times between 0900 to 1200 h and between 1400 to 1700 h. In total, 1-d scan sampling lasted 3 h in the morning and 3 h in the afternoon and represented a 12-h daylight period. Scan sampling was done 2 d per week. Observations were conducted from wk 1 to 6 by an experienced assessor standing in front of the pen. Based on these observations (instantaneous scan sampling), we calculated the percentage of time the chickens in a certain pen spent on eating and panting behaviors relative to other behaviors. Eating was defined as a chicken with the head in or above the feeder, and panting was defined as breathing rapidly with short gasps with open beak and split wing feather alignment. All other behaviors were described by Bokkers and Koene (2003) . Because previous experience showed that making more than 1 scan per observation of a pen increased behavioral activity of the birds as a reaction to the presence of the observer (Bokkers and Koene, 2003) , only 1 scan per observation was made. All scan data per pen per week were pooled.
Feed intakes per pen in each room were recorded daily by weighing the feed troughs and averaged per bird per week. Water intake was measured by subtracting the water left over (mL) from the given amount of water each time water was added to the tank and averaged per bird per week. Protein and energy intake were calculated from the intake of each of the 3 diets and their concentrations. Birds were weighed weekly and BW gain was calculated accordingly. The weight of birds that died or had to be culled was determined and their BW gain was included in the calculation of the feed conversion ratio (FCR) per pen.
Blood samples, collected from the wing veins in birds from each pen, were taken 4 times at 7, 21, 35, and 42 d of age. Two birds were randomly taken out of each pen and blood was collected within 2 min after the chick was caught. Birds were marked and the same birds were sampled again at the next sampling. Blood samples of approximately 1 mL/bird were collected into syringe-needle assemblies that had been flushed with a solution of EDTA. One blood smear for each broiler was prepared and fixed with methanol. Then, the smears were stained immediately with Wright's stain 100% and rinsed with distilled water and ran air dry. Heterophil/lymphocyte (H/L) ratio was counted from 100 cells per slide and classified using oil immersion microscopy at 100× (Dumonceaux and Harrison, 1994) .
Just before blood sampling, body T was measured by a digital thermometer on the same birds that were used for H/L ratio determination. Data of the 2 birds per pen were averaged.
Statistical Analysis
In this experiment, birds were randomly allocated to pens representing different diet treatments. All performance data were taken on the same experimental units, repeated in time: 6 weekly observations were available for each individual experimental unit. Repeated measurements on the same animal cannot be regarded as independent units of observation and mixed models can be used to account for the covariance structure among repeated observations (Littell et al., 1998) . In the analysis, the repeated statement PROC MIXED in SAS (version 9.1; SAS Inst. Inc., Cary, NC) was used adding the factor time (week as the time factor) and pen was considered as an additional random effect. The following statistical model was used:
where Y ijkl = measurement of response of the lth bird kept on ith T having the jth feed at kth time; μ is the overall mean effect; T i is the ith fixed T effect (i = 1 is NT and i = 2 is HT); F j is the jth fixed feed effect (j = control or choice feed); T i × F j is the interaction between T and feed; W k is the kth random week of measurement (k = 1...6); T i × W k is the random interaction effect between T and week of measurement; F j × W k is the random interaction between feed and week of measurement; T i × F j × W k is the random interaction between T, feed, and week of measurement; and e ijkl is the random error associated with the jth diet assigned to the ith T at week measurement k,
Differences were considered significant at a probability level of P < 0.05. If significances of main effects or their interactions were detected, then means were compared using least squares means comparison. Means of significant effects were separated using the PDIFF option with the SAXTON macro in SAS at the P < 0.05 level (Saxton, 1998) . The Kenward-Roger method was used for computing the denominator df for the tests of main effects.
The best covariance structure was based on the corrected Akaike Information Criteria (AICC). The firstorder ante-dependence covariance structure [ANTE(1)] fit the data best for feed intake, energy intake, BW gain, water intake, and protein-to-gain ratio. The heterogeneous autoregressive covariance structure [ARH(1)] fit the data best for protein intake and energy-to-gain ratio. The simple covariance structure fit the data best for FCR and water-to-feed ratio.
Body T and H/L ratio were analyzed by PROC MIXED in SAS with the following linear model: where Y ijk = measurement of response of the kth bird kept at the ith T having the jth feed; μ is the overall mean effect; T i is the ith fixed T effect (i = 1 is NT and i = 2 is HT); F j is the jth fixed feed effect (j = control or choice feed); T i × F j is the interaction between T and feed; and e ijk is the residual error. Behavior data were analyzed with replicated observations per pen per week. Feed intake and panting behavior were analyzed with the Kruskal-Wallis test and post hoc with the Wilcoxon 2 sample test by the nonlinear procedure of SAS.
RESULTS
Temperature
The T and RH are given as the average minimum and maximum ± SD for the respective interval. The T in the HT room during the first week was between 30.7 ± 0.5°C and 31.9 ± 0.4°C and the RH was between 58 ± 6% and 74 ± 6%, whereas the T in the NT room was between 30.0 ± 0.9°C and 31.9 ± 0.6°C and the RH was between 64 ± 8% and 80 ± 7%. The T in the Figure 1 . Eating time (expressed as a percentage within observation time; upper panels) and time spent panting (lower panels) at different temperatures (left panels) and on different diets (right panels). Vertical bars represent SD. The asterisk (*) means a significant difference of at least P < 0.05 at a certain age. The temperature (T) and relative humidity (RH) in the high-T (HT) room during the first week were 31.3 ± 0.5°C and 63.7 ± 6.8%, respectively, whereas the T and RH in the normal-T (NT) room were 31.0 ± 0.7°C and 63.7 ± 6.8%, respectively. For NT, the T ranged from 18.5 ± 0.7°C to 21.0 ± 0.5°C and the RH ranged from 40.5 ± 5.2% to 49.0 ± 5.3% from wk 4 to 6; for HT, the T ranged from 25.2 ± 2.0°C to 31.5 ± 0.5°C and the RH ranged from 61.0 ± 7.8% to 79.2 ± 10.2% from wk 2 to 6. Control diet = 215 g of CP/kg and 2,895 kcal of ME/kg; choice diet = (1) the control diet, (2) a high-protein diet (299 g of CP/kg and 2,780 kcal of ME/kg), or (3) a high-energy diet (150.7 g of CP/kg and 3,241 kcal of ME/kg).
Figure 2. Consumption of a control diet, high-protein diet, and high-energy diet as a proportion of total feed intake at normal temperature (NT; left panel) and high temperature (HT; right panel). The temperature (T) and relative humidity (RH) in the high-T (HT) room during the first week were 31.3 ± 0.5°C and 63.7 ± 6.8%, respectively, whereas the T and RH in the normal-T (NT) room were 31.0 ± 0.7°C and 63.7 ± 6.8%, respectively. For NT, the T ranged from 18.5 ± 0.7°C to 21.0 ± 0.5°C and the RH ranged from 40.5 ± 5.2% to 49.0 ± 5.3% from wk 4 to 6; for HT, the T ranged from 25.2 ± 2.0°C to 31.5 ± 0.5°C and the RH ranged from 61.0 ± 7.8% to 79.2 ± 10.2% from wk 2 to 6. Control diet = 215 g of CP/kg and 2,895 kcal of ME/kg; choice diet = (1) the control diet, (2) a high-protein diet (299 g of CP/kg and 2,780 kcal of ME/kg), or (3) a high-energy diet (150.7 g of CP/kg and 3,241 kcal of ME/kg).
HT room from wk 2 to 6 was between 25.2 ± 2.0°C and 31.5 ± 0.5°C and the RH was between 61.0 ± 7% and 79 ± 10%. The T in the NT room from wk 4 to 6 was between 18.5 ± 0.6°C and 21.0 ± 0.4°C and the RH was between 40 ± 5% and 49 ± 5%.
Eating and Panting Behavior
Results of the percent time spent on eating and panting behavior per week are given in Figure 1 . Eating time decreased from wk 1 to 6 of age for both T conditions and for both dietary treatments. The time budget for eating was higher (P < 0.01; Figure 1 , upper-left panel) for birds kept at NT than for those kept at HT in the first, fifth, and sixth week of age. Birds on the choice-feeding regimen had a similar eating time as animals on the control-feeding regimen (P > 0.05; Figure  1 , upper-right panel). Panting behavior was more at HT after wk 1 onwards (P < 0.05; Figure 1 , lower-left panel) and it was similar for both dietary treatments (P > 0.05; Figure 1 , lower-right panel).
Bird Performance
Mortality in this study was very low (1.4%). All performance data in the tables are data corrected for mortality by week. Probability values for every parameter are presented in Table 2 . Differences in performance of the broilers in each week at different T and dietary treatments are presented in Table 3 .
Feed Intake, Protein Intake, and Energy Intake. Temperature had a major effect on feed, protein, and energy intake after the change in ambient temperature at d 7 (Tables 2 and 3 ). Birds that were choice fed consumed the most feed from the energy-rich diet (59% at NT and 52% at HT). The amount chosen as second choice was the control diet (25% at NT and 27% at HT) and the third choice was the high-protein diet (16% at NT and 20% at HT; Figure 2 ). The increase in intake of the high-energy diet at HT occurred at 10 d of age and at NT occurred at 14 d of age. Overall, feed, protein, and energy intakes were higher at NT (P < 0.001) compared with HT (Table 2 ). An interaction between T and week showed that the difference in feed, protein, and energy intake between T regimens (HT and NT) increased over time. The difference was largest after 3 wk of age (Figure 3) . Total feed intake in weight was similar between control-and choice-fed birds (Table 2 ). Protein intake was higher (P < 0.001) and energy intake was lower (P < 0.030) for control-fed birds compared with choice-fed birds (Table 2 and Figure 3) . Protein intake during the last week was higher than all other week of the trial for all dietary treatment groups (Figure 4) . There was also a T × dietary treatment × week interaction effect on protein intake ( Table  2 ). The protein intake was similar for choice-fed birds at NT and control-fed birds at HT in wk 3 to 6 (Table  4) . Energy intake in choice-fed birds was higher than in control-fed birds at NT in wk 5 and 6. However, the The T and relative humidity (RH) in the high-T (HT) room during the first week were 31.3 ± 0.5°C and 63.7 ± 6.8%, respectively, whereas the T and RH in the normal-T (NT) room were 31.0 ± 0.7°C and 63.7 ± 6.8%, respectively. For NT, the T ranged from 18.5 ± 0.7°C to 21.0 ± 0.5°C and the RH ranged from 40.5 ± 5.2% to 49.0 ± 5.3% from wk 4 to 6; for HT, the T ranged from 25.2 ± 2.0°C to 31.5 ± 0.5°C and the RH ranged from 61.0 ± 7.8% to 79.2 ± 10.2% from wk 2 to 6. Control diet = 215 g of CP/kg and 2,895 kcal of ME/kg; choice diet = (1) the control diet, (2) a high-protein diet (299 g of CP/kg and 2,780 kcal of ME/kg), or (3) a high-energy diet (150.7 g of CP/kg and 3,241 kcal of ME/kg).
2
T × F = interaction between T and F; T × W = interaction between T and W; F × W = interaction between F and W; T × F × W = interaction between T, F, and W. Significant effects (P < 0.05) are shown in bold. Continued energy intake with choice feeding was similar compared with the energy intake of the control diet at HT at all ages (Table 3) . BW Gain and FCR. Temperature did significantly affect BW gain but BW gain was not affected by dietary treatment (Tables 2 and 3 ). An interaction between T and week showed that broilers at NT continued to increase in BW until wk 6, whereas broilers at HT continued to increase in BW until wk 4, after which the BW gain of birds until the end of the experiment increased much less (Figure 3) . Overall, FCR was not affected by either T or dietary treatment, but increased over time (wk ; Table 2 ). However, FCR was lower for birds at HT in wk 2 and higher for birds at HT in wk 6 as compared with birds at NT ( Table 3) .
Ratios of Protein and Energy to Gain. Temperature did not significantly influence the protein-to-gain ratio, but it affected the dietary energy-to-gain ratio ( Table 2 ). The energy-to-gain ratio was higher at NT than at HT (Table 3) . Protein-and energy-to-gain ratios were affected by dietary treatment ( Table 2 ). The ratio of dietary protein to gain was higher (P < 0.001) and the ratio of dietary energy to gain was lower (P < 0.001) for control-fed birds compared with choice-fed birds (Table 3 ). An interaction between T and week (Table 2) showed that the difference in protein-to-gain ratio between HT and NT was most pronounced at wk 2 and 3 (Figure 3) . The interaction between dietary treatment and week showed that the difference in protein-and energy-to-gain ratio between control-and choice-fed birds were most clear from wk 3 onwards (Figure 4) .
Water Intake and Water-to-Feed Ratio. Temperature did not significantly affect water intake, but it affected the water-to-feed ratio ( Table 2 ). The water-to feed-intake ratio was higher at HT than at NT (Table  3) . Water intake (P < 0.004) and the water-to-feed ratio were higher (P < 0.001) for control-fed birds as compared with choice-fed birds (Table 2 and 3) . The interaction between T and week for water intake could be fully explained by the significant week effect. The difference between HT and NT in water-to-feed ratio increased over time, most clearly after 3 wk of age (Figure 3) .
Body Temperature and Heterophil/Lymphocyte Ratio. Results of T and dietary treatment on body T and H/L ratio are given in Table 5 . Temperature had a major effect on body T and H/L ratio at d 21, 35, and 42. Body temperature and H/L ratio were higher at HT than at NT at these ages. No effect of dietary treatment on body T and H/L ratio could be detected.
DISCUSSION
Eating and Panting Behavior
Birds at NT needed about 3.3% more time to consume their feed than did the birds at HT, although the feed intake was 17.5% higher at NT. It seems that birds at NT did eat a larger meal size per unit of time than the birds at HT. The latter birds showed much more panting behavior (42%) than the birds at NT (Figure  1) . Therefore, panting behavior may have decreased meal size by frequently interrupting eating behavior.
Feed Intake, Protein Intake, and Energy Intake
The observed higher feed intake of broilers at NT than that of broilers at HT (2% in wk 1 to 23% in wk 6) in this study is in agreement with observations reported by others in broilers (Cheng et al., 1997; Yo et al., 1998; Temim et al., 1999) and in turkeys (Veldkamp et al., 2000; Veldkamp et al., 2003) . These studies showed that at high ambient T, the decrease in feed intake due to heat stress ranged from 25 to 30%. Despite a similar total feed intake between both dietary treatments (control and choice fed), choice-fed birds within both T regimens had a higher intake of the high-energy diet at the expense of the intake of the high-protein a-c Means within a week (column) between treatments without a common superscript letter differ significantly (P < 0.05); no superscript letter means nonsignificant differences.
1 The temperature (T) and relative humidity (RH) in the high-T (HT) room during the first week were 31.3 ± 0.5°C and 63.7 ± 6.8%, respectively, whereas the T and RH in the normal-T (NT) room were 31.0 ± 0.7°C and 63.7 ± 6.8%, respectively. For NT, the T ranged from 18.5 ± 0.7°C to 21.0 ± 0.5°C and the RH ranged from 40.5 ± 5.2% to 49.0 ± 5.3% from wk 4 to 6; for HT, the T ranged from 25.2 ± 2.0°C to 31.5 ± 0.5°C and the RH ranged from 61.0 ± 7.8% to 79.2 ± 10.2% from wk 2 to 6. Control diet = 215 g of CP/kg and 2,895 kcal of ME/kg; choice diet = (1) the control diet, (2) a high-protein diet (299 g of CP/kg and 2,780 kcal of ME/kg), or (3) a high-energy diet (150.7 g of CP/kg and 3,241 kcal of ME/kg). diet ( Figure 2) . Siegel et al. (1997) similarly reported that broilers preferred a higher proportion of a low protein-high energy diet than low energy-high protein diet when given the choice. This suggests that formulated diets for maximizing growth may not reflect dietary preferences of birds. Our data confirmed this observation. Overall, broilers exposed to HT consumed 14.4% less protein and 18.3% less energy as compared with broilers exposed to NT, which is in agreement with results of Cheng et al. (1997) and Sakomura et al. (2005) . Within NT, choice-fed broilers consumed 14.6% less protein and 9.9% more energy compared with controls. Choice-fed broilers exposed to HT consumed 12.6% less protein and 2.3% more energy compared with controlfed broilers.
Changes of these preferences for certain diets are illustrated in Figure 2 . This is particularly evident up to 21 d of age where intake of the high-energy diet increased with age. Surprisingly, the increased consumption of the high-energy diet at HT reached a plateau at 3 wk of age. At NT, however, the intake of this diet still increased until 6 wk of age. It is suggested Figure 3 . Least squares means for traits that show a significant temperature (T) and week interaction. Means within and between lines without common letters (a-j) differ significantly (P < 0.05). The temperature (T) and relative humidity (RH) in the high-T (HT) room during the first week were 31.3 ± 0.5°C and 63.7 ± 6.8%, respectively, whereas the T and RH in the normal-T (NT) room were 31.0 ± 0.7°C and 63.7 ± 6.8%, respectively. For NT, the T ranged from 18.5 ± 0.7°C to 21.0 ± 0.5°C and the RH ranged from 40.5 ± 5.2% to 49.0 ± 5.3% from wk 4 to 6; for HT, the T ranged from 25.2 ± 2.0°C to 31.5 ± 0.5°C and the RH ranged from 61.0 ± 7.8% to 79.2 ± 10.2% from wk 2 to 6. BWG = BW gain.
that at older ages, birds at HT may have a lower demand for energy needed for protein synthesis that is only partially counterbalanced by a higher demand for energy needed for activity (locomotion and panting). If the energy part of the diet is used for energy functions, it can convert 66% of the calorific value into adenosine triphosphate (ATP) and the rest (34%) results as waste heat. When protein is used for ATP, it can convert about 58% of calorific value into ATP; therefore, more heat is produced per unit of calorific value (42%; Black, 1995) . The use of high-energy rations for broilers in warm regions by including more fat may, thus, be beneficial for the animal, as fat gives less heat load per kilojoules than do carbohydrate and protein (Musharaf and Latshaw, 1999) . So, when the birds get access to more energy in the choice-feed system, they avoided a higher heat load by ingesting more of the energy diet for energy purposes. In the controlfed birds, the energy demand was probably met by converting protein into energy, which increased the heat load. Adaptive changes in feed intake and energy expenditure over the long-term contribute to homeostatic control of body energy stores and maintenance of a constant BW (Richards and Proszkowiec-Weglarz, 2007) . Therefore, the birds change their metabolism when they are reared above or below their thermoneutral T to dissipate heat or increase heat production (Sakomura et al., 2005) . a-m Means without common superscript letters differ significantly (P < 0.05). 1 The temperature (T) and relative humidity (RH) in the high-T (HT) room during the first week were 31.3 ± 0.5°C and 63.7 ± 6.8%, respectively, whereas the T and RH in the normal-T (NT) room were 31.0 ± 0.7°C and 63.7 ± 6.8%, respectively. For NT, the T ranged from 18.5 ± 0.7°C to 21.0 ± 0.5°C and the RH ranged from 40.5 ± 5.2% to 49.0 ± 5.3% from wk 4 to 6; for HT, the T ranged from 25.2 ± 2.0°C to 31.5 ± 0.5°C and the RH ranged from 61.0 ± 7.8% to 79.2 ± 10.2% from wk 2 to 6. Control diet = 215 g of CP/kg and 2,895 kcal of ME/ kg; choice diet = (1) the control diet, (2) a high-protein diet (299 g of CP/kg and 2,780 kcal of ME/kg), or (3) a high-energy diet (150.7 g of CP/kg and 3,241 kcal of ME/kg).
BW Gain and FCR
Broilers that were subjected to HT gained less BW than those subjected to NT. This negative effect of HT on BW gain increased with increasing age. This result was confirmed by Alleman and Leclercq (1997) , Cheng et al. (1997), and May et al. (1998) . Overall, BW gain after 6 wk of age was about 15% lower at HT than at NT.
Within each T regimen, BW gain was slightly lower in choice-fed than in control-fed birds. This was probably because protein intake was significantly lower for the choice-fed birds as compared with the control-fed birds. For energy intake, differences were not significantly different, although choice-fed birds had, on average, a numerically higher energy intake than the control-fed birds. As expected in young birds, BW gain is most determined by protein intake, whereas energy intake only sustains BW gain. In a similar choice-feeding experiment, Yo et al. (1998) found a similar relationship between BW gain and protein intake.
The FCR did not differ significantly between T regimens and between dietary treatments, except for the T in wk 2 and 6. It is shown by the data that the high energy intake (and thus, low protein intake) of the choice-fed birds at NT had a negative effect on FCR. For better performance, these birds should have consumed more protein than they did. So, protein intake of choice-fed birds at NT was limiting, which seemed not to be the case at HT, probably due to less-deficient protein levels at the lower feed intake level.
Ratios of Protein and Energy to Gain
The protein-to-gain ratio was lower and the energyto-gain ratio was higher in choice-fed birds than in con- 1 Mean values are expressed as an average of 6 replicate pens of 2 birds each. The T and relative humidity (RH) in the high-T (HT) room during the first week were 31.3 ± 0.5°C and 63.7 ± 6.8%, respectively, whereas the T and RH in the normal-T (NT) room were 31.0 ± 0.7°C and 63.7 ± 6.8%, respectively. For NT, the T ranged from 18.5 ± 0.7°C to 21.0 ± 0.5°C and the RH ranged from 40.5 ± 5.2% to 49.0 ± 5.3% from wk 4 to 6; for HT, the T ranged from 25.2 ± 2.0°C to 31.5 ± 0.5°C and the RH ranged from 61.0 ± 7.8% to 79.2 ± 10.2% from wk 2 to 6. Control diet = 215 g of CP/ kg and 2,895 kcal of ME/kg; choice diet = (1) the control diet, (2) a high-protein diet (299 g of CP/kg and 2,780 kcal of ME/kg), or (3) a high-energy diet (150.7 g of CP/kg and 3,241 kcal of ME/kg).
2 Significant effects (P < 0.05) are printed in bold. 3 T × F = interaction between T and F.
Figure 5. Crude protein and energy concentration of feed intake under choice conditions at normal temperature (NT) and high temperature (HT). CP control = CP concentration in control diet; HT-CP choice = CP concentration eaten at HT; NT-CP choice = CP concentration eaten at NT; ME control = ME concentration in control diet; HT-ME choice = ME concentration eaten at HT; NT-ME choice = ME concentration eaten at NT. The temperature (T) and relative humidity (RH) in the high-T (HT) room during the first week were 31.3 ± 0.5°C and 63.7 ± 6.8%, respectively, whereas the T and RH in the normal-T (NT) room were 31.0 ± 0.7°C and 63.7 ± 6.8%, respectively. For NT, the T ranged from 18.5 ± 0.7°C to 21.0 ± 0.5°C and the RH ranged from 40.5 ± 5.2% to 49.0 ± 5.3% from wk 4 to 6; for HT, the T ranged from 25.2 ± 2.0°C to 31.5 ± 0.5°C and the RH ranged from 61.0 ± 7.8% to 79.2 ± 10.2% from wk 2 to 6. trol-fed birds at both T. These ratios were confirmed in choice-feeding studies by Yo et al. (1998) and Siegel et al. (1997) . The larger energy intake of choice-fed birds at both T, as a consequence of the lower protein intake, had only a slightly negative effect on BW gain. This suggests that energy was limiting in the controlfed birds and it justifies a somewhat higher energyto-protein ratio in the diets at both T. An adequate protein and energy concentration in the diet by week at NT and HT is illustrated in Figure 5 . The protein and energy concentration varies between 171 to 214 g of CP/kg and 2,990 to 3,157 kcal of ME/kg at NT and between 188 to 218 g of CP/kg and 2,997 to 3,086 kcal of ME/kg at HT as the birds become older.
Water Intake and Water-to-Feed Ratio
Ambient T is known to influence water intake. Chickens consume water about 2-fold at 32°C and 2.5-fold at 37°C (NRC, 1981 ) and 3.6-fold at 38°C (North and Bell, 1990 ) compared with 21°C. It has been reported that birds seek to manage heat stress by increasing water consumption and then increase urinary production (Borges et al., 2004) . However, we did not find a significant difference in water intake between T. It should be pointed out that the use of nipples by panting birds at HT may inhibit somewhat the natural way of drinking from a bell drinker. Previous research demonstrated that water consumption from nipples as compared with bell drinkers at cyclic HT by panting broilers was 21% lower (May et al., 1997) . This suggests that the chickens may not be able to coordinate the water intake while panting. The inability of broilers to drink sufficient amounts of water at HT may lead to unbalanced total body water content due to a high degree of water loss from the body and this could result in poor performance at HT (Yahav et al., 2004) .
Water consumption in this study was 8% higher in control-fed birds as compared with choice-fed birds. A higher water intake was not related to a higher feed intake (only 0.5% higher feed intake for control-fed birds compared with choice-fed birds), but it was positively correlated to a 14% higher protein intake of controlfed birds as compared with choice-fed birds. Increasing the protein level in the diet increases water intake and also the water-to-feed ratio (Marks and Pesti, 1984) . Thus, high protein consumption by broilers needs to be catabolized and excreted via the kidneys in the form of uric acid, which implies extra water (Francesch and Brufau, 2004) .
The higher water-to-feed ratio at HT indicates that the bird uses the extra water to enable evaporation during panting (Figure 1 ). Increasing water intake may benefit the birds by facilitating evaporation (Belay and Teeter, 1993) and this may prevent the increase in body T (Furlan et al., 2004; Ahmad et al., 2005) . Heat loss through evaporation can account for 60% of the total heat loss (Etches et al., 2008) and even more than 80% at high T (32°C; Ahmad and Sarwar, 2006) . Evaporative heat loss is associated with loss of water and, therefore, dehydration can occur. Sufficient water intake will facilitate this type of heat loss and contribute to thermotolerance at high ambient T (Yahav et al., 2005) .
Body Temperature and Heterophil/ Lymphocyte Ratio
The somewhat higher body T at HT agrees with other studies (Yahav, 2000) . The higher body T at HT was associated with a higher H/L ratio. This H/L ratio is often used as an indicator for long-term stress. The results of the H/L ratio agree with other studies in which the H/L ratio was negatively correlated with BW (Puvadolpirod and Thaxton, 2000) . We expected that body T in the choice-fed group would be lower than in the control group because choice-fed birds were able to consume a better balanced energy-to protein-diet. However, the choice-fed birds did not have a decreased body T or a lower H/L ratio at HT, possibly due to similar BW in both groups (Puvadolpirod and Thaxton, 2000) .
It can be concluded that broilers spent more time eating at NT than at HT and showed more panting behavior at HT. Broilers can compose a diet by selecting less of a protein-rich diet and more of an energy-rich diet than eating the control diet. At NT, choice-fed birds had a similar feed intake and BW gain, but a lower protein and higher energy intake than did controlfed birds. At HT, choice-fed birds had a similar feed intake, BW gain, energy intake, and a lower protein intake than control-fed birds. The intake of protein and energy differed between the 2 T regimens and differed between ages. High T decreased feed intake, protein intake, energy intake, and BW gain. Choice-fed birds had a similar feed efficiency as control-fed birds at HT, indicating similar body composition for both groups. Extra energy intake of choice-fed birds at HT was used for panting activity. Body T and H/L ratio were higher at HT than at NT. Water intake was similar between both temperatures, but higher in control-fed birds than in choice-fed birds.
